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THE DIFFERENTIATION OF HUMAN FETAL SKIN
FOLLOWING HETEROTRANSPLANTATION*
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A number of workers (2, 3, 6) have successfully
transplanted human embryonic tissues to small
nnimals with or without prior conditioning of the
recipient animal. This adaptability of fetal skin
contrasts sharply with that of normal adult tissue,
although some have claimed that adult tissue also
grew readily under similar conditions (5). The
reasons for the difference in behaviors of fetal and
adult skin remain conjectural. Fetal tissues are
probably not antigenically mature at the time of
implantation. However, this hypothesis remains
unsubstantiated since differences in antibody
formation specific for such tissues have not been
demonstrated.
In a previous study the behavior of basal cell
carcinoma, normal skin and fetal skin were con-
trasted during a period of three months following
implantation in the hamster. It became apparent
early in these experiments that fetal skin had
tremendous growth potential differentiating into
adult type structures. The present report is
concerned with this differentiation of fetal skin
upon heterotransplantation.
MATERiALS AND METHODS
The skin was stripped from the trunk, limbs,
and scalp of 20 fetuses (Fig. 1). It was then minced
into 2 to 3 mm. pieces in physiological saline. One-
quarter cubic centimeter amounts of the minced
tissue were injected by means of a No. 18 trocar
into the connective tissue of the everted hamster
pouch. Initially, three mgms. of cortisone acetate
were given subcutaneously to the animals.
In several animals, inoculation of the growing
fetal implants with herpes simplex virus was
attempted by injecting a homogenate of a tissue
culture containing herpes simplex virus or by
injecting fluid from herpes simplex vesicles.
Similarly, zoster vesicle fluid, minced wart or
molluscum contagiosum tissue was injected into
growing implants of several animals. Likewise,
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methyleholanthrene and 3,4-benzpyrene, either
dry or suspended in benzene, were injected into
growing implants in an effort to induce carcinoma
within the implants.
During the six-month period, the pouches were
regularly inspected with removal of implants at
varying intervals. These were subjected to various
histological technics; hematoxylin and eosin,
sudan Black B, sudan IV, Nile blue sulfate and
periodic acid-Schiff staining technics were used.
Connective tissue stains used included the Van
Gieson, the Dublin reticulin stain and the Weigert
elastica. Frozen sections were also examined un-
stained following clearing in glycerin.
REsULTS
Numerous implants from S fetal specimens
survived for six months (Fig. 1). Upon gross
observation the blood supply to the implant
appeared to be originating from the host's vas-
cular tree (Fig. 2). An increased number of
arborizing vessels were present surrounding the
implant. Macroscopic examination of the implant
sites afforded a relatively accurate observation of
whether the tissue was viable or whether a for-
eign body reaction or abscess was occurring. If
viable and growing, the tissue appeared firm and
white resembling adult dermis. If a foreign body
reaction was occurring, a great increase in the
vascularity of the implant was apparent early.
Subsequently, only a small, dark hyperpigmcnted
implant remained. The latter, upon histological
section, showed a massive collection of macro-
phages filled with engulfed, particulate debris.
Later, partial calcification was apparent in some
implants which had not survived. If an abscess
was present, the implant site appeared yellow
and greatly swollen.
Microscopically, all viable implants were in
the form of an epidermal-lined cyst enclosed by a
thin dermis, which in turn was surrounded by fat
tissue. The entire implant remained distinctive
structurally encircled by a surrounding loose
layer of connective tissue originating from
hamster tissue.
Epidermis—The epidermis lining the cyst
formed a continuous sheet (Fig. 3). This phe-
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FIG. 1. Skin from the trunk of a four-months-old fetus. A. Basal cell layer (b) is clearly delineated.
Periderm (p) layer with bladder-like cells is present. Primary epithelial germs (p.e.g.) are present.
H & E X180. B. Same as A showing glycogen in the epidermis and periderm cells. Periodic acid-Schiff,
X420.
FIG. 2. A whole mount of hamster pouch tissue upon which fetal skin implants are attached and grow-
ing. The cystic structure of the implants is indicated by the arrangement of the growing, pigmented
fetal hairs in balls. The vascular tree and muscular coat of the pouch form the background; an increase
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FIG. 3. A. Fetal skin six weeks after implantation in the pouch. The epidermis and dermis are dif-
ferentiating into adult-type structures. Numerous hair follicles are developing II & E. X44. B. An
implant of fetal skin from the palm three months after implantation. The epidermis is well-dif-
ferentiated.Several areas showearly formation ofarete pattern. Numerous sweat glands are developing
in the dermis. H & E, XiS.
nomenon represents a biological law in the be-
havior of skin; that is, epidermal cells seek other
epidermal cells resulting in cyst formation. Three
or four days following implantation early cyst
formation was discernible. Rarely, the epidermis
grew around the subjacent dermis enclosing it.
The epidermis developed usually within 3 to 4
weeks into one containing adult-type epidermal
cells (Fig. 4). At that time the baso-spinous layer
was usually 5 to 7 nucleated cells in thickness
upon which a stratum granulosum and stratum
corneum were superimposed. A moderate rete
pattern was present in areas within the epidermis
but was not completely developed in many speci-
mens (Fig. 3B). The stratum eorneum was shed
into the cyst cavity along with the hairs and lipid
from sebaceous glands. Often, keratinization was
incomplete. At the end of six months, the epi-
dermis continued to contain large amounts of
glycogen (Fig. 6A).
A definite basement membrane-like structure,
periodie-aeid-Sehiff positive, formed at the junc-
tion of the epidermis with the dermis.
Melanocytes—Within the epidermis and hair
follicle matrix numerous melanocytes were pres-
ent (Fig. 4B). The epidermis and hairs were
usually heavily pigmented. There were variations
in the amount of pigment within the basal cells.
Even without special staining technies, melano-
cytes with huge dendritie processes were dis-
cernible in unstained frozen sections cleared in
glycerin. Within the cyst cavity large amounts of
black pigment were present along with lipid,
exfoliated stratum eorneum cells and hair shafts.
Epidernial Appendages—Hair follicles devel-
oped readily in those implants in which the
primary epithelial germ was present; large pig-
mented, coarse hairs developed in specimens
originating from fetal scalp (Figs. 3A and 7A).
The sebaceous glands were large and adult in
type containing abundant lipid centrally and
glycogen peripherally (Figs. 5A and 6A). Grow-
ing hairs were present in moderate numbers. The
hairs were shed into the cyst cavity and, on
occasion, were being imbedded in the opposite
epidermal wall of the cyst. Ecerine sweat glands
were differentiating clearly at five to six weeks
within some specimens containing primary sweat
gland germs (Figs. 3B and SB). The largest
number of well-developed sweat glands were
present in specimens from fetal palm or sole
skin. In the well-developed ecerine tubule, at six
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FIG. 4. A. Fetal epidermis at four months post-implantation demonstrates well-differentiated cellular
layers. A basement membrane is present. The dermis remains quite cellular with a few formed fibers.
H & E, X290. B. A similar area of fetal epidermis contains melanocytes. Large melanophores are also
present just beneath the epidermodermal junction. H & F, 1<700.
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Fio. 5. A. Fetal skin implant at six months demonstrating a large sebaceous gland and small amounts
of subcutaneous fat within the dermis. Frozen section, Sudan IV, X125. B. A well-differentiated eccrine
sweat gland is present six months after implantation. The collagen fibers in the surrounding dermis







182 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FiG. 6. A. Large amounts of glycogen are present in the epidermis, hair follicle and sebaceous gland,
eccrine sweat gland, and subcutaneous fat tissue of a fetal implant at six months. Periodic acid-Schiff,
X77. B. Higher magnification of the fatty tissue as outlined in the rectangle in A above. The granular,
dark-staining material is glycogen. The minute, circular, clear areas represent early lipid droplet for-
mation. x370.
months, two types of cells, clear and dark cells,
were easily distinguished; two layers of cells
were present in the eccrine sweat gland duet.
The intraepidermal part of the sweat gland duct
had the configuration and appearance of the
normal adult structure. The tubules of the eccrine
sweat gland contained abundant glycogen (Fig.
6A). In this study no apocrine glands were
apparent.
Dermi.s—--At the time of implantation, the
dermal structure contained large numbers of
fibroblasts and mucinous material without any
definite fibers distinguishable other than reticulin
fibers (Fig. 1A) . Moderate amounts of extra-
cellular and intracellular glycogen were present
in the dermis. Within the hamster pouch, the
embryonic dermis developed into a normal type
of adult dermis at the end of six months. This
process proceeded gradually and at the end of
three months, a relatively adult-type of dermis
was developing (Fig. 3B). Special stains, at the
end of the six-months period, revealed large
amounts of collagen and smaller amounts of
elastic tissue (Fig. 7). In addition, reticulum was
still identifiable in large amounts. The arrange-
ment of collagen fibers resembled that seen in
normal adult skin. Contiguous to the dermis, the
fetal subcutaneous fat tissue developed. This
consisted of large fat cells arranged within lobules
(Figs. 5A and 6A). Large amounts of glycogen
were demonstrable in the periphery of the cell
and in the surrounding supporting connective
structures forming the interlobular septa. Large
amounts of lipid-staining material were present
within the center of each cell and only tiny
amounts in the periphery (Fig. 6B). This is
reminiscent of the development of lipid within
the sebaceous gland acinus.
Attempts to isolate viral agents from herpes
simplex, zoster, or molluscum contagiosum lesions
ia these implants have not been successful.
Likewise, attempts to induce carcinoma by the
use of methylcholanthrene or 3, 4-benzpyrenc
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Fie. 7. A. A fetal scalp implant at six months stained for reticulin contains well-developed hair
follicles and sebaceous glands. The basement membrane stands out clearly. The dermis is adult in type.
x88. B. Higher magnification of the dermis shown in A stained with Weigert-Van Gieson stain demon-
strates adult-type elastic and collagen fibers. X350.
COMMENT
These experiments confirm and extend the
findings of Greene (2) and Toolan (6) with regard
to the viability of embryonic tissues within small
animal hosts. The degree of morphological differ-
entiation of the skin and its appendages
approaches that of adult skin. The process of
differentiation occurs as an inherent character-
istic within the implant. The stimulus for differ-
entiation of the appendages is present either
within their own structure or the accompanying
embryonic connective tissue at the time of
implantation. It is doubtful that embryonic skin
without any primary epithelial germs or sweat
gland germs at the time of implantation would
result in formation of adult hair follicles or sweat
glands. An adequate blood supply affording the
implant adequate nutrition develops from the
recipient's vascular tree. As long as the implant
remains viable and not infected, invasion of the
implant by the host's cells does not occur.
In normal adult fat tissue, glycogen is not
demonstrable in the periphery of the cell or in
the stroma supporting the fat cells. It is interest-
ing that probable conversion of glycogen into
lipid, in a fashion similar to that which occurs in
the sebaceous gland cell, occurs in the fetal fat
tissues.
The significance of viability of fetal skin upOn
homologous transplantation in clinical medicine
remains problematical. It is doubtful, although
early experiments using fetal skin in adults are
encouraging, that such skin will be permanently
viable in adult human hosts. Toolan and her
co-workers (7) have been impressed with the
viability of embryonic skin when transplanted
to seriously-burned individuals. They point out
that small amounts of skin extend to cover a
rather large, denuded area quite rapidly. This
could conceivably he a temporizing measure
under certain circumstances. Recent experience
using embryonic bovine skin in adult burned
patients (4) has been reported successful as a
temporary measure.
coNcLusioNs
(1) Human fetal skin from eight of twenty
fetuses, upon transplantation to the hamster,
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remained viable and differentiated into normal,
adult-appearing skin histologically. This skin
consisted of the usual proportions of cells found
in normal skin.
(2) The primary eccrine sweat gland germ
develops into an adult ecerine gland structure.
It is unlikely tbat it functions in this abnormal
environment. The presence of glycogen within
its secretory cells indicates the possibility of
functional capacity.
(3) Primary epithelial germs produced coarse,
hyperpigmcnted hairs which were shed into the
epidcrmal cyst cavity. The hairs were in various
stages of growth and development. Sebaceous
glands of normal histology developed with
glycogen in the peripheral cells. Lipid material
filled the follicular funnels and the cysts.
(4) The dermis, embryonic at the time of
implant, became adult in nature with the forma-
tion of normal-appearing reticulin fibers, collagen
bundles and elastic tissue. The epidermo-dermal
junction likewise develops normally, staining
intensely with the periodic acid-Schiff technic.
(5) The significance of viable, heterotrans-
planted embryonic skin in clinical medicine
remains undetermined. It may be useful under
very special circumstances.
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